Introduction
Previous research has shown a correlation between bean consumption and low incidences of cancer and cardiovascular diseases (1,2,9,13). Important health bene- 
Development of Bean-Corn Tortillas
➤ The combination of beans and corn represents an inexpensive and nutritious diet and can supply a reasonable amount of the daily requirement of vitamins and minerals and a good portion of the necessary protein.
➤ Two tortillas containing approximately 50% by weight of either red or white beans and 50% by weight of masa flour (corn) were developed and tested to rate the acceptability by panelist groups in Honduras and the United States.
➤ Overall, the tortilla made with white beans and masa flour had a similar or better level of acceptability compared to a corn tortilla (control) for the Honduran and American panelists, respectively.
➤ The bean-corn tortilla developed is an inexpensive, quick-to-prepare, convenient food and a highly nutritious bean-based food product.
fits related to bean consumption also include moderation of obesity and type-II diabetes. The anticarcinogenic benefits of beans are most likely due to the phytochemicals present in beans, which include flavonoids, simple phenolics, anthocyanins, tannins, protease inhibitors, phytic acid, and saponins (5, 10, 14) . In addition, the high content of dietary fiber in beans contributes to satiety and hypocholesterolemic and hypoglycemic effects (15) . The dietary fiber complexes with lipids causing a reduction in the absorption of the lipids. The high cost of animal protein foods in developing countries necessitates combining various plant protein sources to obtain foods of high protein quality (11) . In several Latin American countries, beans and corn (maize) represent vital components of the diet. Beans are considered the fourth most important source of protein in the Americas. The protein content of dry beans and maize is approximately 22% and 9%, respectively. Since they represent an inexpensive source of protein, beans are known as the "poor man's meat" (3) . However, neither corn nor beans contain adequate amounts of the essential amino acids. The bean protein is deficient in one of the sulfur-containing amino acids (methionine); however, it has sufficient amounts of lysine and tryptophan (8) . On the other hand, maize contains a good level of methionine but is limited in lysine and tryptophan. Therefore, mixing beans and corn can improve protein quality, thus providing an inexpensive and nutritious diet. This combination can supply a reasonable amount of the daily requirements of vitamins and minerals and a good portion of the necessary protein. The Instituto de Nutrición de Centro América y Panamá (6) recommended the consumption of one "spoon" of refried beans for every medium-sized corn tortilla to improve protein nutritional value.
Corn tortillas and dry beans are commonly consumed together, but they are cooked separately at homes in countries in Central America. Beans are commonly consumed plain after cooking in water, or they are ground and fried (refried beans) or cooked in sauces. Plain beans are consumed mostly in small villages and rural areas, while the other two types of processed beans are consumed mainly in urban areas.
For use in corn tortillas, corn is cooked with calcium hydroxide to produce nixtamalized corn (nixtamalization process), which is then ground to obtain a dough that is commonly known as masa. The benefits related to nixtamalization include the following: facilitated removal of the pericarp and milling of the grain; increased calcium content and niacin bioavailability; improved protein quality, flavor, and aroma; and reduced aflatoxin concentration of masa products (12) . The masa can be used directly to make tortillas, or it can be dried to obtain masa flour. Typically, tortillas are made by simply adding water to the masa flour. In contrast, beans are commonly consumed plain after first cooking in water, grinding and frying (refried beans), or cooked in sauces.
Currently, the increase in corn-based ethanol production is creating an enormous new demand for corn. The increase in corn demand and prices are affecting both the volume of production and tortilla prices. Substituting part of the corn content in tortillas with beans may represent an alternative to replace the traditional corn tortilla. The objective of this project was to use dry red or white beans and masa flour to develop a new bean-corn tortilla product that is nutritious and acceptable to consumers.
Materials and Methods

Materials
Two varieties of beans (Phaseolus vulgaris), Seahawk and Lebaron (white and red varieties, respectively), were obtained from the Central Bean Company (Quincy, WA). Carboxymethyl cellulose (CMC) (TIC PRETESTED Pre-Hydrated TI-CALOSE CMC 2500 Powder) was obtained from TIC GUMS, Inc. (Belcamp, MD). Masa flour (MASECA Gruma Corporation, Evansville, IN), onions, green pepper, and salt (Morton Salt, Chicago, IL) were purchased at a local grocery store (West Lafayette, IN). The types and quantities of ingredients used to cook the beans before making the tortillas are listed in Table I , and the types and quantities of ingredients used to prepare the bean-corn and control (corn) tortillas are listed in Table II .
Tortilla Preparation
Beans (either red or white) were soaked for 18 hours with tap water (ratio 1:3) at 21°C (7) and then were washed with fresh water prior to cooking. Onions, green peppers, garlic, and salt were added to boiling water (100°C). Washed beans were added to the boiling water and cooked for 60 min. The cooked beans then were separated from the green peppers, garlic, and the cooking water. Prehydrated CMC and salt were dissolved in 110 and 40 g of water, respectively. Cooked beans were ground with the dissolved gum and salt using a food processor (In the United States: Oster, Model 4846-10, Niles, IL. In Honduras: Hobart Corporation, Model FP41, Troy, OH), and the resulting bean slurry was mixed with the masa flour in a 50:50 ratio. Thirty-five grams of the bean-corn mix were weighed for each tortilla. The dough was shaped into a ball and placed on a wetted plastic sheet. The dough ball was pressed, using hands, to form a flat circle, and then another wet plastic sheet was placed on top. The flattened dough was then placed in the middle of the tortilla press (wooden unit, hand made in Tegucigalpa, Honduras) and pressed. The borders of the tortilla were cut to obtain a 12-cm diameter tortilla with a uniformed border. The bean-corn tortilla was cooked on a comal (flat griddle used for cooking tortillas, La Tapatia, Lafayette, IN, or Diunsa, Tegucigalpa, Honduras) in a gas stove (Viking Professional, Viking, Atlanta, GA) or electrical stove (Whirpool, Diunsa, Tegucigalpa, Honduras) at 470-490°F for 2 min (20 s per side, repeated 3 times). The cooked tortilla was placed in a tortilla holder until reaching room temperature (22°C), placed in plastic bags, and stored at 4°C for one day prior to being submitted to sensory evaluation. Corn tortillas (control) were prepared as outlined above; however, instead of using 35 g of bean-corn mix, 35 g of corn mix, consisting of masa flour, CMC, salt, and water, was used (Table II) .
Sensory Evaluation
The bean-corn tortillas and the corn tortilla (control) were prepared the day prior to the sensory evaluation. Tortillas were warmed in a microwave (used at 100% power) for 30 s immediately prior to serving them to the panelists (microwave used in the U.S.: General Electric Co., Model No. JE1340WB 001, Louisville, KY; or in Honduras: Hobart Corporation, Model Hm1200, Troy, OH). The warmed samples were placed individually in snack Ziplock (Racine, WI) bags that were previously labeled with randomized sample numbers. Panelists were asked to drink water between samples. The Focus Group and the Acceptance Test evaluations were conducted as described below. The Focus Group consisted of twelve people from Latin American countries (Guatemala, Costa Rica, Ecuador, Mexico, Honduras, and Nicaragua). The main objective of the Focus Group was to gain insights from panelists on how to improve the two tortilla prototypes prior to performing the acceptance evaluation. The prototypes were a tortilla made with red beans and masa flour and another made only with masa flour (control tortilla).
For the Acceptability Tests, the bean-corn tortillas were evaluated by three groups of panelists: 75 assessors (students and staff) from Purdue University, 73 students from Zamorano University (Honduras), and 70 visitors from Zamorano University. The panelists at Purdue University included people from Asia, Africa, and the United States. On the other hand, the group of students at Zamorano University included people from approximately 12 Latin American countries. The visitors were from Honduras.
A line scale (continuous data), subdivided into nine categories (nine meaning like extremely, five meaning neither like nor dislike, and one meaning dislike extremely), was used to rate appearance, color, flavor, texture, and overall acceptability of the three tortilla types at Purdue University; however, a nine-point (noncontinuous data) hedonic scale was used at Zamorano University. The nine-point hedonic scale is simpler than the line scale, thus it was used for panelists at Zamorano University, who are less familiar with sensory analysis and the use of line scales than panelists at Purdue University.
A "blinded" test was conducted at Purdue University to determine whether or not the color of the tortillas affected the acceptability of the product. Twenty-two Latin American people participated in this study. A nine-point hedonic scale (noncontinuous data) was used to rate flavor, texture, and overall acceptability of the three tortilla types. The panelist tested all three tortilla types under two environments: one with white illumination and the other with red illumination. The samples assessed under the red illumination were covered with aluminum foil to hide differences in color (blinded test). The order of the two testing conditions was randomized for all participating panelists.
Nutrient Content
The nutrient contents of the bean-corn and the corn (control) tortillas were estimated using nutritional information of the ingredients (dry beans, water, and salt) obtained from the Nutrient Data Laboratory website of the Agricultural Research Service, U.S. Department of Agriculture (18) . The nutritional information of the masa flour and the carboxymethyl cellulose was obtained from the suppliers. The information calculated included total calories, calories from fat, total fat, saturated fat, cholesterol, sodium, total carbohydrates, dietary fiber, sugars, protein, vitamins A and C, calcium, folate, and iron.
Statistical Analysis
Statistical analysis of the data was done using SPSS statistical software (Version 14, SPPS Inc., Chicago, IL). To examine associations between the four assessed attributes (appearance,
For the continuous set of data (sensory study at Purdue), analysis of variance (ANOVA) was carried out using one-way repeated measures, and differences between the means were determined following the Post Hoc and Fischer's protected t-tests (P ≤ 0.05). The nonparametric Kruskal-Wallis and Mann-Whitney tests were conducted to identify differences (P ≤ 0.05) between the acceptability means of the three groups of panelists within each attribute and each tortilla type. Finally, the data obtained from the blinded test were analyzed using Wilcoxon matched-pairs signed-ranks test (P ≤ 0.05).
Results and Discussion
Sensory Analysis
Focus Group
The general recommendations made by the Focus Group for both prototypes (red bean-corn and corn tortilla) were to increase the size, thickness, amount of salt, and cooking time. Additional recommendations for the bean-corn tortillas were to increase their elasticity and to change their color. For the corn tortillas, the recommendation was to make them less elastic. To account for the recommendations made by the Focus Group, the following modifications were made to the prototypes: 1) for the corn tortilla, the amount of CMC gum content was reduced from 0.20 to 0.15 g, and the salt was increased from 1 to 1.5 g per 100 g of masa flour, 2) for the bean-corn tortilla, the CMC gum content was increased from 0.40 to 0.45 g, and the salt was increased from 2 to 3 g per 100 g of masa flour, and 3) for both tortillas, the tortilla weight prior to cooking was increased from 30 to 35 g, the cooking time was changed from 1 min and 30 s to 2 min, and the temperature for cooking was increased from a range of 410-430°F to 470-490°F. Finally, to account for the recommended color modification, tortillas were made with white beans instead of red beans. The three tortillas types (red beans and corn, white beans and corn, and corn), incorporating the modifications suggested by the Focus Group, were used to conduct the Acceptance Tests.
Acceptance Tests
Mean scores of attributes for the three tortillas types, as assessed by the three groups of panelists, are shown in Table III . There were no significant differences in the appearance scores or in the color scores among the three groups of panelists, except for the color scores of the corn tortilla. For the corn tortilla sample, the color score given by the panelists from Purdue was significantly lower statistically, but not by much, than the color scores given by the other two groups of panelists. This observation might be due to the fact that the panelists from Zamorano were more used to the consumption of corn tortillas than the panelists from Purdue. Overall, the panelists, independent of their home country, showed similarities in their visual evaluations of the tortillas. The tortillas made with red beans and corn received the lowest scores for appearance and color among all three groups of panelists. Consumers, in general, are used to white tortillas, a factor that could have accounted for the lower scores generated by the tortilla made with red beans, which had a reddish color. Evaluations of appearance and color were done prior to tasting of the samples, a factor that could have affected the subjectivity of the results.
Panelists from Purdue gave lower texture, flavor, and overall liking scores for all samples compared to the panelists from Zamorano University. Panelists from Purdue were of multiple nationalities, including Asian, African, and North American. People of these nationalities do not commonly consume corn tortillas, in contrast to peoples from Mexico and Central America. These results were similar to those generated in previously reported evaluations of bean-based snack bars: when evaluating the flavor and overall acceptability of the bean-based snack bars, panelists from Zamorano University gave higher scores than panelists from Purdue University (4).
Among the panelists from Zamorano, the acceptability scores of the corn tortillas were not significantly different from those for tortillas made with white beans and corn. On the other hand, panelists from Purdue showed preference for tortillas made with white beans and corn. Tortillas made with red beans and corn were the least preferred by all panelists.
For all three groups of panelists and all three types of tortillas, most correlation coefficients between each of the attributes evaluated (appearance, color, texture, and flavor) and overall liking scores were positive and significant (P ≤ 0.05). In all cases, the flavor attribute exhibited the higher correlation coefficient (0.75 ≤ R ≤ 0.87) than either appearance, color, or texture (0.30 ≤ R ≤ 0.72) with overall liking, indicating that flavor is the attribute that most affected the overall liking score of the tortilla formulations.
Of the Zamorano students and visitors, 92% and 70%, respectively, were willing to purchase a tortilla made with beans and corn. Also, 87% of the panelists from Purdue University indicated that they would purchase a bean-corn tortilla. The relatively large percentage of people who appreciated the bean-corn tortilla could represent a big market opportunity for this new bean-based food product. However, the 30% of the a Lowercase letters represent differences within each tortilla type and attribute (P-value ≤ 0.05) between how the panelist began the first test. b Uppercase letters represent differences between tests within how the panelist began the test for each tortilla type and attribute (P-value ≤ 0.05). Zamorano visitors not willing to purchase a bean-corn tortilla product explained that their unwillingness was due to the tradition of preparing the beans and tortilla separately, even though they are eaten together. In other words, dealing with traditions may be an obstacle for increasing the market for this product in Mexico and Latin America.
Blinded Test
To determine whether or not the visual appearances of the tortilla samples influenced the other assessed attributes (texture, flavor, and overall liking), a blinded test was conducted. The mean scores for each attribute (texture, flavor, and overall liking) within each tortilla type (red beans and corn, white beans and corn, and corn) obtained under blind conditions were not significantly different from those obtained under nonblind conditions (P ≤ 0.05, complete data not shown, but values ranged from 5.77-6.68). Also, the effect of the order of the two testing conditions (i.e., blind testing carried out first followed by the nonblind testing and visa versa) on the evaluated attributes of the three tortilla types was not statistically significant (P ≤ 0.05) (Table IV) . If, for instance, the appearance of the red beans-corn tortilla had an effect on the scoring of the other attributes, then it would have been expected that panelists evaluating the samples under blind conditions first would give higher scores than panelists evaluating the same samples under nonblind conditions first. Since results were not significantly different between the two tests (blind and nonblind), it was concluded that panelists' evaluations were not affected by the tortillas' appearances.
Nutrient Content
The nutrient content estimations for both bean-corn and corn tortillas are shown in Table V . There is no official serving size for tortillas. The nutritional labels of various commercial tortillas in the United States were consulted to establish a common serving size for this product. Most packages of tortillas in the United States have two tortillas as a serving size, which together weigh approximately 50 g. The nutrient content estimates indicated that the beancorn tortilla formulation would be considered a "good source of folate," providing 10-19% of the U.S. reference daily intake (RDI) for folate. Both bean-corn and corn tortilla formulations would qualify for the claim "low in fat" (3 g or less per serving). Moreover, both tortilla formulations would qualify as "saturated fat free" (less than 0.5 g of saturated fat and less than 0.5 g trans fatty acids per serving) (16, 17) . Although the bean-corn tortilla provides much more fiber than a corn tortilla (8.80% vs. 0.62%, respectively), it does not qualify for a nutrient content claim as a "good source of fiber," which would require fiber content of 10-19% of the daily reference value.
Conclusions
A combination of white beans and masa corn to produce a tortilla by the method described may represent a quick-to-prepare and convenient food that is acceptable to consumers in both Latin America and the United States. These newly developed products provide consumers with yet another option to prepare and consume beans. Furthermore, the bean and corn tortillas developed in this study represent sources of high quality protein, which is an important attribute for food products in developing countries. The bean-corn tortilla also provides a source of fiber and phytochemicals, both of which contribute to the prevention of diseases that are of public health concern, especially in the United States. To increase the amount of protein and dietary fiber in these products, more studies could be done to modify and optimize the bean-to-corn ratios and thereby qualify for U.S. Food and Drug Administration-sanctioned nutrient content food labeling claims for being a "good source of protein" and "good source of fiber."
